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Abstract

This study aims to identify chicken egg embryos with the concept of image processing. This concept uses input and output in
images. Thus the identification process, which was originally carried out using manual observation, was developed by
computerization. Digital images are applied in identification by various image preprocessing, image segmentation, and edge
detection methods. Based on these three methods, image processing has three processes: image grayscaling (convert to a
grayscale image), image adjustment, and image enhancement. Image adjustment aims to clarify the image based on color
correction. Meanwhile, image enhancement improves image quality, using histogram equalization (HE) and Contrast Limited
Adaptive Histogram Equalization methods (CLAHE). Specifically for the image enhancement method, the CLAHE-HE
combination is used for the improvement process. At the end of the process, the method used is edge detection. In this method,
there is a comparison of various edge detection operators such as Roberts, Prewitt, Sobel, and canny. The results of edge
detection using these four methods have the SSIM value respectively 0.9403; 0.9392; 0.9394; 0.9402. These results indicate
that the SSIM values of the four operators have the same or nearly the same value. Thus, the edge detection method can provide
good edge detection results and be implemented because the SSIM value is close to 1.00 (more than 0.93). Image segmentation

detected object (egg and embryo), and the continued process by edge detection showed clearly edge of egg and embryo.
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1. Introduction

The livestock industry has developed a lot in various
ways, one of which is detecting chicken egg embryos.
This detection aims to check and find out the egg
embryos in the incubator. In addition, this process aims
to maximize the egg hatching process. Eggs that are not
embryonated can be used for other purposes such as
consumption. This process is carried out at a maximum
time of 1 week [1] to get maximum results (the embryo
is visible) [2].

The egg embryo detection process uses various
segmentation [3] and classification methods [4], [5].
This detection process uses image processing to
determine the presence of embryos in eggs [6]. The
identification process [7] in previous studies used
machine learning methods [8], both supervised [9] and
unsupervised learning [10]. The process starts by taking
the image used as a dataset. Image capture used thermal
[11], [12] or digital cameras [13], [14]. This study using
a dataset of image acquisition using a smartphone

camera based on a digital camera. Acquisition using an
additional flashlight tool for the candling process [15] to
get an image that shows the egg’s contents.

The segmentation used is conversion to BW (such as
thresholding) with a threshold value of 128. Then the
following process is saturated detection to clarify the
detected embryo objects. It is what distinguishes it from
previous studies using methods such as k-means and
morphology [16], [17], thresholding [3], otsu [18],
Fuzzy logic [19], watershed[20], region generation [21],
Differential Interference Contrast (DIC) based Shape
Index and Ellipsoid-Fitting [22].

The concept of edge detection in egg embryo detection
(fertility) has been carried out only by using canny
detection [16]. The results were able to detect the edges
of the embryos as a result of k-means segmentation. In
addition, canny detection [23] is implemented to identify
the fertility of native chicken eggs based on grayscale
images. This research develops image preprocessing
with several methods to detect better, such as image
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adjustment and enhancement. This study uses four edge
detection operators with segmentation based on BW
images. Thus, this research focuses on the detection of
embryo edges.

In addition, Sobel can perform the outline detection
process of the egg object [24], [25]. This study also
detects the embryonic object. Edge detection that is
widely used include canny detection [16], [17], [23],

[26]. In addition, segmentation can solve poultry:

problems such as detecting eggs, poultry, carcasses,
especially in image processing. This study aims to detect
the presence of egg embryos using basic segmentation
with BW images and edge detection using methods such
as Roberts, Prewitt, Sobel, and Canny.

The problem that we raise in this research is the detection
of embryo eggs in image segmentation. Several
processes are carried out, from manuals to several
studies that have developed embryo detection by
segmentation and classification with various methods
and are still being developed to get more precise and
better results. This study focuses on improving the image
segmentation of embryonated chicken eggs by
combining BW image conversion and object edge
detection.

This article is presented in four main sections. The first
section explains the introduction, background of the
problem, differences in previous research, and research
objectives. The solution is carried out by applying the
image processing methods presented in the second
section. The third section presents the analysis of the
results and discussion of this research. Lastly is the
conclusion section.

2. Method

This study uses the concept of image processing with the
object in the form of an image of a chicken egg embryo.
Image of chicken egg embryo using the dataset from
previous research. The identification process steps using
edge detection with the previous process are image
preprocessing (adjustment and enhancement) and image
segmentation (BW-image segmentation (Figure 1)).

[
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Figure 1. Steps for the detection of Chicken Egg Embryo using Image
Processing

The image dataset is a color image (RGB) that has been
cropped (Figure 2. (b) [27]). In the previous process, we
captured an object (chicken egg) using candling process,
and the design of this process is shown in Figure 2. (a)
[28], [29]. Based on this process, the digital image was
created and processed by other image preprocessing
methods.

Information:
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1. Smartphone camera
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o Eggs are placed on the
- LED flashlight in a box,
and the image is
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@ (b)

Figure 2. (a) Image Acquisition and (b) Cropping Process

Image preprocessing in this study is image grayscaling,
image adjustment, and image enhancement [20], [30].
Image grayscaling is a method for converting RGB
images to grayscale. RGB images have three color
channels, namely red (R), green (G), and blue (B). The
conversion process uses (1) [31] to get a gray level color
gradation with a value range between 0-255.

gray = 0.2989 xR + 0.587 * G + 0.1141 * B (1)

Grayscale images need to be processed using image
adjustments. This method aims for color correction
(setting). In this study, image adjustment maps the
intensity value of | to a new value of J based on the
image’s lowest and highest intensity, which maps to the
value between the lowest and the highest of the average
intensity. Image adjustment uses linear mapping to get a
new intensity value in the histogram of the image used.
Image adjustment calculates the factor value (F) of the
image contrast correction (2) with a floating-point value.
The value of C indicates the level of contrast. So this
process is continued by using a contrast enhancement
(R) on each color component (3).

_ 259(C+255)
T 255(259-C) (2)
R'=F(R—128)+ 128 3)

The result of color improvement with image adjustment
becomes the input for image enhancement [32]. Image
enhancement uses two combined methods of Histogram
Equalization (HE) and its derivative Contrast Limited
Adaptive Histogram Equalization (CLAHE). The use of
this method is based on the previous research, that the
resulting image shows better results than single methods
or other combinations [29], [30], [33]. This process uses
the concept of image histogram modification. The
calculation of the two methods uses (4) for HE and (5)
for CLAHE. The next step is to combine the two using
(6) to obtain a better image result from these methods.

(4)
()

m=%J=QL1mL—1

M
B=—(1+ = (Smax— 1)
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hybrid CLAHE — HE = B®h; (6)

HE can improve image quality using histogram
alignment generated by images [34], [35]. The image
matrix is used as a reference to get the total number of
pixels (n). This method will divide the image based on
the number of gray pixels (ni) with pixels up to the
maximum gray value (L). CLAHE is an extension of HE
[34] with a limit value based on the maximum height of
the histogram [36]. The constraint applies the clip limit
formula to obtain contrast based on the kernel weighting
of each neighboring pixel (5). So that the CLAHE
method can eliminate noise and improve its quality, this
clip boundary uses the area size (M), grayscale value
(N), and clip factor (a) in addition to the histogram
boundary (0-100). Based on previous research,
comparing the HE and CLAHE methods and their
hybrids, where the different histograms show the
differences in the image - the best-distributed histogram
[37] is used in the segmentation method. Hybrid
CLAHE-HE has an optimal histogram distribution [29].

Image segmentation was used to separate objects and the
background or other parts of segments (image). Methods
on image segmentation have been implemented based on
this case, like Threshold, edge detection, Otsu, and
others [38]. As in the previous research, we used the
concept of thresholding that used the BW image
conversion.

Segmentation used the results of image quality
improvement. This process only used the conversion of
a grayscale image into a BW image [13], [39] by
changing the value of a grayscale image (range 0-255)
into a BW image with a limited median value. Matrix
values above 128 are changed to 255, and below 128 are
converted to 0. Thus, the resulting value can be
converted into binary values (0 and 1). In addition, there
is the addition of complement (the opposite to clarify the
picture of the egg embryo.

The final process is edge detection by applying four
approaches: Roberts, Prewitt, Sobel, and Canny [33].
These operators are calculated based on gradient (7) with
different kernels. Roberts operator using a 2x2 pixels
kernel.

G=JRE+RZ @

1 0 0 1
R = [0 —1];Ry “l-1 0
The Prewitt operator in its implementation uses a kernel
sized 3x3 pixels with values as in the P matrix (Px and
Py). Likewise, the Sobel operator, the kernel used is 3x3
pixels in size; the difference is its value. The Sobel
operator kernel uses an S (Sx and Sy) matrix.

10 -1 11 1
P.={1 0 —-1[;B,=[0 0 o0
10 -1 -1 -1 -1

1 0 -1 1 2 1
sz[z 0 —2];Sy=[0 0 ol
1 0 -1 -1 -2 -1
The canny operator is an optimal edge detector and
produces smooth edges that are filtered using the
Gaussian Derivative Kernel [31]. This method uses a
Gaussian filter to smooth the image and reduce the edge
detector’s apparent noise effect (8).

. 2 . 2
exp (_ (i-(k+1) " +(j—(k+1)) )

202

(8)

Hij:ZnUZ
1> i) < (2k + 1)

The Canny edge detection algorithm is processed in
several steps, namely:
1.Use a Gaussian filter to smooth the image and
remove noise
2. Find the intensity gradient of the image
3. Use gradient magnitude threshold or lower bound
suppression to eliminate false responses to edge
detection
4. Apply double Threshold to define potential edge
5.Trace edges with hysteresis: Edge detection is
performed by suppressing all weak edges and not
connecting to firm edges.

3. Results and Discussion

This study produces a segmented image and edge
detection of the object of the embryo image of a chicken
egg. The image is obtained by various processes,
including improving the color, quality, and dataset
segmentation. One of the sample datasets used is as
shown in Figure 3. (a).

Figure 3. (a) is a cropped image of the dataset used in
this study. The image is an RGB image and has a single
egg object. The image is processed by several steps, as
shown in Figure 1, and shows the following detail.

3.1. Convert to Grayscale Image

Digital images (from datasets) are processed by
grayscaling to get an image with a gray level between 0-
255. The conversion process uses (1) so that an image
like Figure 3. Figure 3 shows that the three color
components converted into a grayscale image with a
grayscale range between 0-255. The converted image is
based on the number matrix of the image according to
the size [40] and then calculated. The visible image is as
shown in Figure 3. (¢), (d), and (e) for each RGB color.

Based on Figure 3, we analyzed each color of the image
(Figure 3. (a)) using the following matrix. The matrix
was cropped on the part of an image by 5x5 pixels. The
followings matrix is samples of image representation on
matrix.
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(c) (d) ()
Figure 3. Conversion Process (a) Color Image from three Color
Image Components (c) Red, (d) Green, (e) Blue which Produces
Grayscale Image
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Each matrix (R, G, and B) calculate by (1), which
R*0,2989+ G*0,587+B*0,1141. Thus, the calculation is
shown in the following matrix (Gray). The result will be

139 138 138 141 142

138 138 141 142 142
Gray=|141 141 144 144 146

143 145 148 148 148
145 146 151 151 188

The result of the matrix calculation is rounded up, which
is close to the integer value. If the value is more than 0.5,
it is rounded up. If the value is less than 0.5, it is rounded
down, and if the value is equal to 0.5, then if the absolute
value is even, it is fixed, and if it is odd, it is rounded up.

3.2. Image Preprocessing After Grayscaling

Image preprocessing after converting the image to
grayscale is image adjustment and image enhancement.
Image adjustment used in this study aims to increase the
contrast of the image. Based on Figure 3. (b), the result
of the grayscaling showed that the object (especially the

egg embryo) was not clear. Thus, the process of image
adjustment used analysis of the frequency of the
histogram. The new contrast of the image adjustment
result (Figure 4. (a)) was higher than the previous image
(Figure 3. (b)).

200 E

W o a0

(©)
Figure 4. Image Preprocessing using (a) Image Adjustment and
Image Enhancement (b) CLAHE, (c) CLAHE-HE

400 B0

The histogram comparison of the input image and the
adjustment image is shown in Figure 5. The input
image’s histogram is in the distribution position of the
intensity values on the left (close to 0). While the
histogram of the adjustment image has changed, that is
the distribution shifts to the right (closer to 255).

0 8

n 0 23

(@) (b)
Figure 5. Histogram (a) Input Image with a maximum range of 213
and Image Adjustment Results with a maximum range of 255

The histogram Figure 5 shows that with image
adjustment, the resulting image has a different quality,
namely the range of values is increased and has a value
close to 255. From Figure 5. (a), the distribution of
histogram values is at points 0-50 and 110-200.
Although the 50-110 range is low, this graph shows that
the resulting image quality is low. After processing with
image adjustments, the resulting range spreads to 255,
with the graph spreads up from low to high and shifts to
the right (closer to 255) so that the resulting quality has
improved.
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However, this image should be improved to get an image
with precise characteristics of the embryo image object.
The method used is an image enhancement that has also
improved the image quality based on the alignment of
the resulting histogram. Figure 4. (b) is an image quality
improvement based on the image contrast limitation.
Thus, the results obtained have improved quality
compared to the previous image (Figure 4. (a)).
However, based on previous research that the optimal
image enhancement is CLAHE-HE, this research uses
the hybrid method. This method shows more detailed
results than other methods (CLAHE or HE or another
hybrid) and image adjustments. It can also be shown as
in the CLAHE-HE result Histogram as in Figure 6.

12zm ]
10200
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b
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Figure 6. CLAHE-HE Histogram of Embryo Egg Image Sample

Image enhancement was performed using a CLAHE-HE
combination. This method can show the object image in
detail, especially the image of the embryo in the chicken
egg.

3.3. Image Segmentation

The segmentation uses the BW conversion method and
its complement to obtain an image that detects the
chicken egg embryo object. The segmentation process is
carried out using the complement of the CLAHE-HE
repaired image as shown in Figure 7. (a), where the
image shows a negative image. The image matrix is
changed using the maximum grayscale image threshold
(255) minus each matrix value. Figure 7. (a) has an
intensity range between 0-255 and is seen in the
distribution of values (right of image). So it needs to be
converted in the image segmentation process.

In this study, the segmentation used the conversion of
grayscale images into black and white images. The
change process was based on the middle threshold value
of the gray degree level (256/2=128). The pixel intensity
value of more than 128 is changed to 255, while the
others were changed to 0. this segmentation produced a
BW image, as shown in Figure 7. (b). This conversion
also shows a binary image conversion, where the
resulting intensity values have values of 0 and 255,

which are converted to 0 and 1. The range of 0 and 1 are
shown in Figures 7. (b) and 7. (c).

JC 00 500
(©)
Figure 7. Image Segmentation Based on (a) Complemented
Grayscaling Image and BW Image (b) Original and (c)
Complementary

100 200

The last process in this segmentation is the complement
of the BW image. This process aims to show the pattern
of the object obtained, namely, the background is white,
and the object (eggs) is black, with the characteristics of
the embryo being white.

3.4 Edge Detection for Identification on Embryo
Chicken Egg

Edge detection uses four operators, namely Roberts,
Prewitt, Sobel, and Canny. In its implementation, edge
detection provides an overview of the detection of
chicken egg embryos. It showed their characteristics by
being marked as a net or as a root. The four methods
produce good detection, where the edge detection results
clearly show eggs with embryos with the appropriate
characteristics, as shown in Figure 8.

Based on Figure 8, edge detection results in edge
detection of general and specific objects. The outermost
oval circle indicates a chicken egg. At the same time, the
embryo object is shown as network lines or roots in a
circle. The picture shows that the results obtained have a
pattern that is not much different. However, each image
from the operation of the four operators has a different
distribution of values.
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Figure 8. The Results of Edge Detection Using Operator (a) Roberts,
(b) Prewitt, (c) Sobel, and (d) Canny

In these images (Figure 8), Edge detection using the
Roberts, Prewitt, and Sobel operators applies a
Magnitude Gradient. So the results obtained show the
results of object edge detection in detail from the outer
object (eggs and embryos). Including detection with the
canny operator has detailed detection results, in which
the distribution of the resulting values is 0 and 1. Based
on the size image (665x545 pixels), the distribution of
the total value is 362425. In detail from Figure 8, the
distribution of values 0 and 1 are obtained in Table 1.

Table 1. Distribution of Values (0 and 1) on Edge Detection of the 4
Operators on the Output Image (Results).

Operator OTLIOI(I Total

Roberts 345727 16698 362425
Prewitt 349564 12861 362425
Sobel 349084 13341 362425
Canny 346566 15859 362425

Based on Table 1, the distribution of 0 values indicates
that the total intensity is O (dark, which is the
background). Meanwhile, the value 1 indicates the
distribution value of 1 (brightness, which is the edge of
the object). The most extensive distribution of 1 (object)
value is the Roberts method. However, the distribution
value and the line detection results show objects that
match their characteristics from the four operators.

The object can be outlined influenced by the previous
process, namely segmentation. Then in this study, we
checked the similarity of the resulting image structure

based on the previous detection image. This process uses
the SSIM method, which provides information about the
similarity of detection.

3.5 SSIM value calculation

* SSIM (Structural Similarity Index Method) is a method

used to predict the quality of digital images. SSIM is
used to measure the similarity between two images.
SSIM has a value range from 0 to 1. In this study, the
application of the four edge detection methods has a
different average SSIM value, but the resulting range
value is the same, which is between 0.8667-1. Details of
the calculation results are shown in Table 2.

Table 2. SSIM Assessment and Value Distribution of Each Edge
Detection Operator

Operator  SSIM Range (min-max)
Roberts  0.9403 0.8667-1
Prewitt 0.9392 0.8667-1
Sobel 0.9394 0.8667-1
Canny 0.9402 0.8667-1

The mean SSIM values in Table 2 were obtained from
single object images (embryo egg images). The resulting
distribution value has a value close to 1. So that the
comparison image used is an image with similarities and
the information is not too different [40]. This calculation
was used as a reference that the process carried out can
be used for the embryo detection process based on the
processes carried out up to the image segmentation.

In addition, the graph of the SSIM can be seen in Figure
9. Each operator has an SSIM distribution value, which
shows the similarity with the comparison object. The
distribution of the resulting values, as in Table 2, has an
average SSIM above 0.93. The graph of the SSIM
calculation has almost the same picture. The distribution
of values has a range above 0.86 to 1.00. Based on the
results of this distribution histogram plotting, the
similarity values of the four egg edge detection methods
can be uniform and implemented.

Figure 9. Distribution of SSIM values in the histogram graph of (a)
Roberts, (b) Prewitt, (c) Sobel, and (d) Canny Operator
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Thus, the similarity of the pattern of each operator
indicates that the image preprocessing and image
segmentation carried out produce inputs that have good
image quality. The results can be used to detect the edges
of embryonic eggs with several methods, namely
Roberts, Prewitt, Sobel, and Canny.

4. Conclusion

Based on the results of this study, the four edge detection
methods were able to provide a clear picture of the
contents of the embryonic egg. Edge detection can be
optimized because the segmentation process (BW
image) used can divide objects by their background, and
embryonic objects can be detected in detail of their parts.
In the evaluation of the SSIM, the resulting information
gives a good score, which is more than 0.93 from each
method implemented. The closer the value is to 1, the
SSIM calculation indicates that the comparison results
with the previous image results are similar. Thus, the
methods used in this study are able to detect chicken egg
embryos. In addition, the process of segmentation and
edge detection can be seen clearly as part of the
characteristics of chicken egg embryos.
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